Physicochemical features of the HERG channel drug binding site.
Blockade of hERG K(+) channels in the heart is an unintentional side effect of many drugs and can induce cardiac arrhythmia and sudden death. It has become common practice in the past few years to screen compounds for hERG channel activity early during the drug discovery process. Understanding the molecular basis of drug binding to hERG is crucial for the rational design of medications devoid of this activity. We previously identified 2 aromatic residues, Tyr-652 and Phe-656, located in the S6 domain of hERG, as critical sites of interaction with structurally diverse drugs. Here, Tyr-652 and Phe-656 were systematically mutated to different residues to determine how the physicochemical properties of the amino acid side group affected channel block by cisapride, terfenadine, and MK-499. The potency for block by all three drugs was well correlated with measures of hydrophobicity, especially the two-dimensional approximation of the van der Waals hydrophobic surface area of the side chain of residue 656. For residue 652, an aromatic side group was essential for high affinity block, suggesting the importance of a cation-pi interaction between Tyr-652 and the basic tertiary nitrogen of these drugs. hERG also lacks a Pro-Val-Pro motif common to the S6 domain of most other voltage-gated K(+) channels. Introduction of Pro-Val-Pro into hERG reduced sensitivity to drugs but also altered channel gating. Together, these findings assign specific residues to receptor fields predicted by pharmacophore models of hERG channel blockers and provide a refined molecular understanding of the drug binding site.